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Studi[’son the LASL Cadmium-Cadmium Carbonate Cycle*

C.F.V. Mason, M. G. Bowman, and R. G. Behrens

Los Alamos Scientific Laboratory,
Los Alamos, New Mexico 87545

The LASL Cadmium-Cadmium Carbonate Cycle
(1)

was first presented at the

(2) The cycle can beI.E.A. Thermochemical Hydrogen Workshop in 1979.

summarized as follows’:

Cd(c) + }120(1)+ C02(g) ~ CdC@3(c) + H2(g)

CdC03(c)~CdO(c) +C02(g)

CdO(f:)~Cd(g) + l/202(g)

Cd(g) +ccl(c)
. . . . . . . . . . ... . . .

H20(l)~H2(g) + l/202(g).

~ 1{;98= -6fl.3kJ

A ‘;98
x +98.5 kJ

A “;98
= +367.6 kJ

A %8
= -112,0 kJ

.- .-. .- .--.

A ‘{;98
:’+?85.9 kJ

The overall Lyclc has a figure of merit of 7UX since thr hmt rcl~;lsudby con-

densation of Ccl,rea[.tion(4), catlbe used for the thcrml decmqmsitioll of

CdC03, reaction (2).

The thrrml dec.cmpc)sii.iunof CdO, rm~.tion (3), is l)eli~jv(~d(334!5) ~.()l,’!

a promislnq rmction fur tt}[:rll~~ctl~lllicaicycles which can IN?powered by n

solar heat source. A mass spectromtric invr~st.igiltionof thu (I[!t:nllll)(]sitioll

(!clullibrium 0[’(X()(c)coll(irlmxlLlkltCd(l(c)v{l~m)’iz[”,,11.(01(1ill!l[.[}

rcnctioll(3) and thilf.t,hcIiturilturcttl(!)’[]n)(ly)liltllic(I,It~Ifor wtlcl,iol) (1{) i!;

correct.(6) IlowcvcrCcl(l(q)wilsnot.ohsurvud in the c(luilil)riunlvalNIrof

CdO(c) for tmporat.urcs III) {o 11!)() K, This r(!tullqivus i] rrv;!,[dlmw-l’

1imit for th[lcllth,llpyof lot-miltiol~{IItdo(!]), All;~g[l> 1I;{,[1k,]tml “ .
*

w! C IiIII’llus-i;lnpryrm plcJ!. rot’ cd(q) dIId (:d(I( {I) V,IpOtt p)q,j~,X,lIW:i ,Ihovl) M[)(u )

is shown it]li~l,1, TIN*ul~lwlmIimlIII’or(I(IUi1i1)1111111~M{15\IIIvI of’ (;do(!l)

—.- . .. .. .-
~ _TuIIdtIr l,h[” dII:,Ij i (:1.!Q;‘h’i th(” (i,s:

.— - ----
-Worx I)(!t’ I ()) III(.( 11(’1i;ll’1.l’k’nl 01 l, II(~rfIy, i7ri”i”Ll’-

of” IIN’;ic l-ll(!~t l,’ !iC irl]c(”;, I)ivlf,iofl01 Cllmic,]l% i~’n(:(”,,

(1)

(?)

(3)

(4)

(5j
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1s seen to be at least a factorof 15 lower than previously estimated at

1428 K. Therefore recombination between Cd(g) and 02(g) is less than pre-

viously believed. However, recombination between Cd(c) and 02(g) may still

be significant.

The low temperature H2 producing step, reaction (l), was extensively

‘7’ A surface reaction occurs with very slow H2 evolution. Thestudied.

rate of H2 evolution is dependent on the size of the Cd particles. When

reaction conditions are helc!constant, (523K, unstirred, 16 h, exces?,

C02 and water) the H2 evolved increases to 14% from4% when the Cd particle

size decrea~es to 9 ]rnfrom 20 ]Im.

Ammorium chloride was found to exhibit a ma)tkedcatiiiyticeffect.(;’)

on reaction (1) as ;2Z of the available H2 w~s fo~med in 1/2 h at 52!3K

using four-fold cxccss of N114C1,nine-fold excess of water, and three-fold

excess of C02. A proposed catalytic mechanism can be des(.ribed by:

2Nl{4cl+ 2Nt13+ 2HC1

Ccl+ 2HCl~CdC12 + tip

CdC12 + 2[1113+ C02 + 1120~CdC03 + 2 NH4C1
....----.......... ....,,-.......... ....,_.-.._.... . ..

Ccl+ C02 + t120~—>CciC03 + H2

Although N114C1cat~lyscs rcactlon (1) excc~s amounts of catnlyst and

part.11 formation of Cd(Nt13)2C17nrc posslhln ptwhlms. ‘lhrflfOr(y ,1 :;e;irch

was maclufor catalysts with fewer potentinl side ronctions. Hcsults of this

sonruh arc given in Table 1. Palladium is SC(V]to bc thu most cffoctlvc cilt-

alysl.of thoff>iflvvstigalud.

A kinct.icIt]vestignlicmw~s cilrrirdout,usltlg I’d. l’hc!rcsU1ts drr SIIOWII

iri Iig. 2 ~)gul-twr with rvhull.s frmu iltl ullcatnlys(vloxpurinhwtl Annl.ysisOr

the diltilShOWll ill I“ifj. ? in(licatosltliltillillal112pro[luctio))follows illl

ili)l)ilr(!tltfirst-ord(!rl’ill:[’lilW Ill~dqllV(!S il ~dt,(!-CollStilllll of” ().()4 11..’ for tll[’
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uncatalysed reaction and 0.20 h-] for the catalysed reaction. For the

catalysed reaction departure from first order kinetics occurs soon after

the start of the reaction. For the uncatalyzed reaction, the kinetics ex-

of H production), t is the time and k is a con-2

the reaction is diffusion controlled tiueto the

‘8) X2 = kt, where x is the thickness of the pro-hibit a parabolic rate law,

duct CdC03 layer (or amount

stant. This indicates that

formation of CdC03 around the Cd particles. The catalysed reaction did not

appear to follow any simple rate law after departure from first-order kinetics,

showing “itis not diffusion controlled.

In an attempt to understand the mechanism of catalysis, : ~larietyof

soluble salts were tested for catalytic activity, and th~se are list.eclin

Table 2.

PdC12 showed lower activity than Pd blc~ckbut was investigated to show

the catalytic behavior of a soluble lJdsalt, However, whc~ used in the pres-

ence of CUC12, the anmunt of H2 produced was similar to t,heaI,Iowlt ft)rmcclusing

Pd black as a catalyst. CUC12 IVaS used as a catalyst as it is known to be a

decarboxylcifon catalyst.
(9) “CuC12 actwlly caused J reduction in 112whc!nused

with Pd black, possibly duu to the formt.ion of CCIC12which wds Io(lt}das d

prodl~ctin all cases when CuC12 was used.

No clear catalytic mechanism was dcmollstratcdby thc:;cstudies. T!~ccatn-
,

lytic dctivity cxhibilml hy Llw caLi~lysl,:,i,lvt;:;!.i!:lll.[’clW(I!, f;l.il’lilll[~)’iol.

to llml,cxhihi~rclby NI!,IC1.Ikvcrllu:’lp:i!;, [.11(!poz:;il)ilit.,y(If(jt’f’ilt. ()~’ (,(l(,ill,ytlc

activity by an, as”yct unidcntif’iecl, agclllcflllnolIN?rulrd out.,

l“hcproblcm of dryin!jCdC(13(which i:;lti:,(~lul)l(! itl W,ll(’r) pt’ior to iLs

thurmal dccomposikim w[~sbriufly dddr(:skud. 1i{lur(!3 :Ill[)w:ldt’,yill~]C[l)SV(SL;

f’orC(ICO1{at.various tt!llll)~~ril[.[1)’(y:;.lklC(l,lwnk slurl’i(!dwith wnt(~t’,Iilt.v)sd,

nl)(lil!91Jlt’ilt(!(l fol”10 mill,w(’i!]ll(”(lilll(l dt’i[!d,‘111(’solid I’[’’)idll(’wd:,I“outl(l

to 11(!ilrlll,yd H)l15 C(I(103 ii!; (1( ’1.( ’) ’111111[1(1 !}my it~ X)’tl,yllo~iil(t]’di “I”twcfion lhIL[. r*t II.
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Most of the water is removed by filtration prior to drying leaving behind

4 to 5 moles of water per mole of CdCO=. Subsequent removal of this’water
a

is energetically expensive but compares favorably with the

ments of most other cycles currently under consideratioil.

In conclusion, we can summarize the results obtained:

drying require-

1. A new lower limit for the heat

-1
‘Stimated ‘H~,298 > 113-8 ‘J ’01 “

2. Hydrogen production is subject

catalyst, t0i4Clshows great’:tcatalytic

of formation of CdO(g) has been

to catalysis. While Pd is an effective

activity. Seventy-two percent of the
.

total available Hz is form, , in 1/2 h at 523 K using li114Clas a catalyst.

3. Four to five moles of water must be removed from CdC03 prior to

its therm,lldecomposition.
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Table 1. EffncL o various CdtillySt.S, on 117I]rodm:t.iull,(~litll(11,311,44[11(,C(IZ~~
J8.?lx10-m~l, ~12Cl‘.27,2yt0-~.. .,

Cd

x 10-3111

7.-59

7.66

7.53

7.[!!1

Y.61

7,73

Catayst 1401(! cnt/ltil(! ccl
. . .

Pt. 32$ wsh 0.15

P(.Iblilck ().11

h ().14

tdl lJWh!~ 0.10

--h” . ----

112

11101 1401(’ ll#l(ll(!cd

. ?.3 x 1(1.”!’ o

1.4!) x 10-3 ~,lo

?.9!) x 1(]
.’4

0,(.)4

1.4 x 1!1-4 O.(1I

. 2.:!x 1[)
-!}

o
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Fig. ?. 11’~produced ‘s a fllnctionof time. (!+JI1

Cfi6.6 x 10-5 o?c, }120 22.2 x 10-2 mole,
YC02 8.21 x 10- mole,-44U K),

Ouncatalysed
~Pd black catalysccl

Tablc 2. Effect of various catalysts on 112prochction.
. . . .. .. . . . .. .. . ...... .. . .

9 11111Cd, 1[!h, 44[1K, C(12=8.21 X 10-2 mol. }12 ‘ 2?,2 x 1(1-:~ mol.

molfl colt./ III(I1. -CCI.“ ().1 . . . . .... .. .,.,.,

cd H2

10-3mol. Catillyrlt 10-3 mol . mol . t12nm’1 , W
. . . .. .. . . . ..—. . . .. . . . . . . . . ,.

8.23 w bl(lck 4.&31 (). !iU

8.07 P(l(:’1 ~ ?.27 0, 2[1

0.42 lwl@c12 4.(5!, O,b!i

7.66
“’[;’2

1,2b (),16

[].40 I’dl’lil(~k1 (;ilC12 3,7:) o,o!i

6,55 s.-s-s---- 0.611 0.10
.
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A 22-23°C
● el-83”c
■ 135-141”C
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Fig. 3. Dryinq curves for cadmium
function of txmpcraturc.


